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6)+)'+&,%(D&+-(.&%&.$*(/$.9*)(9")9$"$+&,%@(!123/C(&%(7$'+C(,77)"(-&#-(
/)%/&+&5&+8($%6($(D&6)(68%$.&'("$%#)C($**,D&%#(7,"(+-)(6)+)'+&,%(,7(
$%$*8+)/( $+( 5)"8( *,D( ',%')%+"$+&,%/C( +89&'$**8( 7,A%6( &%( :&,*,#&'$*(
7*A&6/@( 3-&/( /)%/&+&5&+8( &/( '"A'&$*( 7,"( &6)%+&78&%#( /A:+*)( '-$%#)/( &%(
/).&%$*( 7*A&6( ',.9,/&+&,%( +-$+( .$8( &%6&'$+)( A%6)"*8&%#( -)$*+-(
',%6&+&,%/( ,"( +")$+.)%+( ")/9,%/)/@( L66&+&,%$**8C( !123=:$/)6(
:&,/)%/,"/( '$%( :)( )$/&*8( .&%&$+A"&G)6( $%6( &%+)#"$+)6( &%+,( 9,"+$:*)(
6)5&')/C()%$:*&%#(9,&%+=,7='$")(+)/+&%#($%6(").,+)(.,%&+,"&%#(,7(.$*)(
")9",6A'+&5)(-)$*+-(9$"$.)+)"/@(MA'-(6)5&')/()H-&:&+($*/,()H')**)%+(
:&,',.9$+&:&*&+8C(.&%&.&G&%#( +-)( "&/E(,7( /$.9*)( ',%+$.&%$+&,%($%6(
&%+)"7)")%')(D&+-(:&,*,#&'$*(9",')//)/@(3-&/(9",9)"+8(&/()//)%+&$*(7,"(
.$&%+$&%&%#( +-)( &%+)#"&+8( ,7( /).&%$*( 7*A&6( /$.9*)/( $%6( )%/A"&%#(
$''A"$+)($%6(")*&$:*)(")/A*+/@((

F%(/A..$"8C(&%(+-&/(',%+"&:A+&,%C(D)($%$*8G)(+-)()*)'+"&'$*(")/9,%/)(
,7( !123/( D-)%( /$.9*)/( ,7( -A.$%( /).&%$*( 7*A&6/( $")( A/)6( $/(
)*)'+",*8+)/@(L+(+-)(:)/+(,7(,A"(E%,D*)6#)C(+-&/(&/(+-)(7&"/+(+&.)(+-$+(
+-&/(+89)(,7(&%5)/+&#$+&,%(&/(9)"7,".)6@(!A"(")/A*+/(6).,%/+"$+)(+-$+C(
$7+)"( $%( &%&+&$*( +"$%/&)%+( 9-$/)( *$/+&%#( $( 7)D( .&%A+)/C( +-)( !123(
")/9,%/)( /+$:&*&G)/( $%6( 6&/9*$8/( /9)'&7&'( 7)$+A")/( D-&'-( /-,A*6( :)(
.$&%*8(',"")*$+)6(+,(+-)(&,%&'(',.9,/&+&,%(,7(+-)(/).)%@(N,"),5)"C(
+-)(',%/&6)")6()*)'+"&'$*(+)/+/(6,(%,+(',.9",.&/)(+-)(-)$*+-8(/+$+A/(,7(
*&5&%#(/9)".$+,G,$@((
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&%6&5&6A$*/( $++)%6&%#( +-)( M+)"&*&+8( 2)%+)"( $+( +-)( O,*8'*&%&'( ,7( +-)(
P%&5)"/&+8(,7(Q$9*)/(R)6)"&',(FF@(L99",5$*(7,"(+-)(/+A68(D$/(#"$%+)6(
&%(STSU(:8( +-)( F%/+&+A+&,%$*(1+-&'/(2,..&++))(,7( +-)(P%&5)"/&+8(,7(
Q$9*)/(R)6)"&',(FF(A%6)"(9",+,',*(Q,@(SJVSTSUC($%6($**(9$"+&'&9$%+/(
9",5&6)6( D"&++)%( &%7,".)6( ',%/)%+@( 3-)( /+A68( $6-)")6( +,( +-)(
9"&%'&9*)/( ,A+*&%)6( &%( +-)( W)'*$"$+&,%( ,7( X)*/&%E&@( M).)%( /$.9*)/(
D)")( $%$*8G)6( $+( +-)( M+)"&*&+8( 2)%+)"( 7,**,D&%#( +-)( #A&6)*&%)/(
)/+$:*&/-)6( :8( +-)( Y,"*6( X)$*+-( !"#$%&G$+&,%( 0YX!4@( M,.)(
)*)'+"&'$*( .)$/A").)%+/( D)")( '$""&)6( ,A+( ,%( 7")/-( /).)%( /$.9*)/(
D&+-&%( U( -,A"/( 7",.( D&+-6"$D$*( $%6( /,.)( ,+-)"( ,%)/( ,%( 7",G)%(
/$.9*)/@(
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R")/-( /).&%$*( 7*A&6( D$/( ,:/)"5)6( :8( A/&%#( $%( &%5)"+)6( ,9+&'$*(

.&'",/',9)(0Z)&//(LH&,5)"+(<TT4()BA&99)6(D&+-($(-&#-=/9))6('$.)"$(
$:*)(+,($'BA&")(A9(+,(-A%6")6/(7"$.)V/(+,(,:/)"5)(')**(5&+$*&+8(&%(+)"./(
,7( .,+&*&+8@( L( <TTH( -&#-=.$#%&7&'$+&,%( &..)"/&,%( ,:[)'+&5)( &%(
6&77)")%+(7&)*6/(,7(5&)D(7,"()$'-(/$.9*)(D$/(A/)6@(

(
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3-)()H9)"&.)%+$*(/)+=A9().9*,8)6(7,"(+-)()*)'+"&'$*(+)/+/(-$/(:))%(

6)/'"&:)6( &%( 6)+$&*( )*/)D-)")( ;\=<T?@( F%( +-)( ',%/&6)")6( !123(
',%7&#A"$+&,%C(/,A"')($%6(6"$&%()*)'+",6)/(D)")(9",6A')6(5&$()=:)$.(
)5$9,"$+&,%( 0P]^L2( 1I_=<UW4( :8( 6)9,/&+&%#( 3&VLA( 7&*./( 0<T(
%.V<TT( %.( +-&'E%)//4( ,%+,( $( M&(D$7)"( 0<TT4( ',$+)6(D&+-( <( `.(,7(
+-)".$*(M&!!C(7,**,D)6(:8(/+$%6$"6(9-,+,*&+-,#"$9-&'(9",')//)/@(3-)(
+"$%/&/+,"( '-$%%)*( 07&%$*( +-&'E%)//( STT( %.4( D$/( $'-&)5)6( :8( /9&%=
',$+&%#(,%+,(+-)(/,A"')($%6(6"$&%()*)'+",6)/($(O1W!3aOMM(02*)5&,/(
OX( <TTT4( /,*A+&,%( 6,9)6( D&+-( >( 5,*b( )+-8*)%)( #*8',*C( T@<( 5,*b(

6,6)'8*( :)%G)%)( /A*7,%&'( $'&6C( $%6( <( D+b( c!OM( 0d=
#*8'&68*,H89",98*4+"&.)+-,H8/&*$%)@(3-)(O1W!3aOMM($'+&5)(")#&,%C(
7)$+A"&%#(D&6+-($%6(*)%#+-(,7(J(..($%6(STT(!.C(")/9)'+&5)*8C(D$/(
+-)%(9$++)"%)6(:&"(9-,+,*&+-,#"$9-8(0N&'",'-).&'$*/(LZeSJT(")/&/+4(
$%6(!!(9*$/.$()+'-&%#@((MA:/)BA)%+*8C(9,*86&.)+-8*/&*,H$%)(0OWNM4(
'-$.:)"/( 0D&+-( $%( &%+)"%$*( 5,*A.)( ,7( <>T( `]4( D)")( 9)".$%)%+*8(
:,%6)6( ,%+,( M&!!( /A"7$')C( $7+)"( 9")'&/)( $*&#%.)%+( D&+-( +-)(
O1W!3aOMM( '-$%%)*( *$8,A+@( 3-)( !123( )*)'+"&'$*( '-$"$'+)"&G$+&,%(
D$/( ',%6A'+)6( A/&%#( $( 9",:)( /+$+&,%( 0/A99*&)6( :8( 15)"I)&%#4(
&%+)"7$')6( D&+-( $( +D,='-$%%)*( /,A"')( .)+)"( 0f)&+-*)8( SJTSI4C(
").,+)*8( ',%+",**)6( +-",A#-( ]$:^F1Y( /,7+D$")@( F%&+&$**8C( +-)(
O1W!3aOMM( '-$%%)*( ")/&/+$%')( 0$:,A+( ST( g( 7,"( +-)( ',%/&6)")6(
*$8,A+4( D$/( $//)//)6( :8( 9)"7,".&%#( :$/&'( 'A"")%+=5,*+$#)( 0F^4(
.)$/A").)%+/($%6(:8(")$*=+&.)(.,%&+,"&%#(+-)('A"")%+(7*,D&%#(A%6)"(
',%/+$%+($99*&)6(5,*+$#)(0^"#h=T@<(̂ 4(D-&*)(9,A"&%#(+-)(/).&%$*(7*A&6(
,%(+-)($'+&5)($")$@(!%')(+-)()*)'+"&'$*(:)-$5&,"(D$/(/+$:&*&G)6(,5)"(
+&.)(0/))(+-)(7,**,D&%#(/)'+&,%4C(#,*6()*)'+",6)/(0D&+-($")$(,7($:,A+(\(
..!4(D)")(&..)"/)6(&%(+-)(/).&%$*(7*A&6/($%6($'+)6($/(#$+)(',%+$'+/@(
X)%')C( +"$%/7)"='A"5)/( D)")( $'BA&")6( D&+-( F"#( $%6( ',"")/9,%6&%#(
F$%&'('A"")%+/(:)&%#(.)$/A")6(D-&*)($99*8&%#($(7&H)6(^"#(h(=T@d(^(
$%6(5$"8&%#(̂ $#(7",.(=T@J(+,(iT@J(̂ (D&+-($(/+)9()BA$*(+,(S>(.^@(L7+)"(
+-)( $99*&'$+&,%(,7( $%8(%)D(^$#( 5$*A)C( $( +&.)(!+(h(S( /(D$/(D$&+)6(
:)7,")(+-)(F"#($'BA&/&+&,%@(R,"()$'-(/).&%$*(7*A&6(/$.9*)C($(9"&/+&%)(
!123( 6)5&')( D$/( ',%/&6)")6( D&+-( +-)( '-$%%)*( :)&%#( -86"$+)6(
,5)"%&#-+(&%(6)&,%&G)6(D$+)"@(F%($%8('$/)C($+(*)$/+(7,A"(+"$%/7)"='A"5)/(
D)")(")#&/+)")6(7,"(+-)(/$.)(7*A&6($%6(A/)6C(D&+-()H')9+&,%(,7(+-)(7&"/+(
,%)C(+,()/+&.$+)($5)"$#)(F"#('A"")%+(5$*A)/@(F%(+-&/(/+A68C(D)($%$*8/)6(
<<(/$.9*)/@(1&#-+(,A+(,7(+-)/)(0/$.9*)/(<=\4(D)")(7",G)%($%6(+-$D)6(
$(7)D(.&%A+)/(:)7,")(+-)()*)'+"&'$*(+)/+/@(2,%5)"/)*8C(+-)(").$&%&%#(
+-"))(/$.9*)/(0e=<<4(D)")(+)/+)6($/(7")/-(/$.9*)/(D&+-&%(U(-,A"/(7",.(
+-)&"(',**)'+&,%@()

"""#! &-/).%/!

R")/-( /).)%( ',**)'+)6( 7",.( 5,*A%+))"/( D$/( &%&+&$**8( )H$.&%)6(
A/&%#( $%( ,9+&'$*( .&'",/',9)( +,( $//)//( &+/( 5&$:&*&+8( 0/))( R&#@( <4@(
389&'$**8C( /9)".( ')**/( )H-&:&+( '-$"$'+)"&/+&'( .,+&*&+8( 9$++)"%/( $%6(
.,"9-,*,#8(6&/9*$8&%#(9",#")//&5)C("$9&6($%6(',,"6&%$+)6(.,5).)%+C(
D-&'-(&/()//)%+&$*(7,"(/A'')//7A*(7)"+&*&G$+&,%@(M9)".(.,"9-,*,#8C(,"(
+-)(/&G)($%6(/-$9)(,7(/9)".(')**/C(',A*6($*/,(:)($//)//)6(A%6)"(+-)(
.&'",/',9)@(

)
>.86%")EY)Z#&./$0).'$8")*+)3"'.($0)0.[6.4)+"\)-*6%3)$+&"%)\.&-4%$\$0)]0"+&)
.'$8"^)$(4)$+&"%)"0"/&%./$0)'"$36%"'"(&3)]%.8-&).'$8"^@)J/$0")S$%).3)FD)
µ'@)
)
3-)(-)$6(',%+$&%/(+-)(#)%)+&'(.$+)"&$*(0%A'*)A/4($%6(&/(A/A$**8(,5$*(

!"#µ$

!"#$% $&'()# *&'()#+&,-#"+#)#.-"/.&) '#&$0"#'#1-$

%"#µ$
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,"( )*,%#$+)6( &%( /-$9)@( 3-)( +$&*C( ,"( 7*$#)**A.C( &/( *,%#( $%6( /*)%6)"C(
)%$:*&%#(9",9A*/&,%(+-",A#-(+-)(7).$*)(")9",6A'+&5)(+"$'+@(
L:%,".$*&+&)/(&%(/9)".(.,"9-,*,#8(.$8(&%6&'$+)(A%6)"*8&%#(&//A)/(
D&+-(/9)".(6)5)*,9.)%+(,"(7A%'+&,%($%6('$%($77)'+(/9)".(.,+&*&+8($%6(
+-)&"($:&*&+8(+,(9)%)+"$+)($%6(7)"+&*&G)(+-)()##@(L/(',%7&".)6(&%(R&#@(!"
#$%&'"()*+%,C(+-)($%$*8G)6(7")/-(/$.9*)/()H-&:&+)6(-)$*+-8(',%6&+&,%/(
/-,D&%#(+-)(9")/)%')(,7(.,+&*)($%6(%,".,/9)".&'(')**/@(N&'",/',9&'(
,:/)"5$+&,%/( D)")( ")9)$+)6( $*/,( $7+)"( +-)( !123( )*)'+"&'$*( +)/+/(
6).,%/+"$+&%#( +-$+( +-)( $99*&'$+&,%( ,7( ^"#( $%6( ^$#( 5,*+$#)/( %,+(
)H'))6&%#(T@J(^(6,(%,+(9",6A')(%,+&')$:*)(')**(/+"A'+A"$*($*+)"$+&,%/(
0/))("&#-+(&.$#)(&%(R&#@!!4@(3-&/(").$"E$:*)(,:/)"5$+&,%(',%7&"./(+-)(
/A&+$:&*&+8( ,7( !123/( $/( +,,*/( +,( 6)5)*,9( %,%=6)/+"A'+&5)( /)%/&%#(
6)5&')/(D,"E&%#(&%(',.:&%$+&,%(D&+-(/9)".@((

(
>.86%")FY)$^)=*%'$0.T"4)?())/6%%"(&3)$3)$)+6(/&.*()*+)&.'")%"/*%4"4)\-"()
&-")Z7,B)/-$(("03)\"%").(.&.$00<).''"%3"4).()&-")3"'.($0)+06.4)3$'#0"3@)
A())\$3) +._"4)$&) ID@E)A)\-.0")(*)8$&")3.8($0)\$3)$##0."4@)S^)B<#./$0)
Z7,B)&%$(3+"%I/6%;")$/[6.%"4)\-.0")63.(8)$)8*04)8$&")"0"/&%*4"@)?()&-")
.(3"&1)/*%%"3#*(4.(8)*6&#6&)/6%;"3)$%")%"#*%&"4@!

Y-)%( +-)( O1W!3=OMM( $'+&5)( '-$%%)*/( D)")( &..)"/)6( &%( +-)(
6&77)")%+( /).&%$*( 7*A&6( /$.9*)/C( D)( ,:/)"5)6( &%5$"&$:*8( $( "$9&6(
6)'")$/)(,7(+-)(F"#('A"")%+(")',"6)6(A%6)"(+-)($99*&'$+&,%(,7(̂ "#h=T@<(
^(0/))(R&#@(S$4@((
F%(9$"+&'A*$"C(D)(7,A%6( +-)( F"#( +&.)(:)-$5&,A"( &/(6&/+&%'+&5)(,7($%8(
/$.9*)(D&+-(/,.)(,7(+-).(D-&'-(9",5&6)(/*,D)"(68%$.&'/(+"$%/*$+&%#(
&%+,($(.&%,"(")6A'+&,%(,7(+-)(,5)"$**(&%&+&$*('A"")%+@(W)9)%6&%#(,%(+-)(
/9)'&7&'(/$.9*)C(&%6))6C($7+)"(+-)(7&"/+(>(.&%A+)/(+-)('-$%%)*()*)'+"&'$*(
")/&/+$%')(D$/(&%'")$/)6(:8($(7$'+,"("$%#&%#($99",H&.$+)*8(:)+D))%(
dT( $%6( \Tb( ,7( +-)( /+$"+&%#( 5$*A)@( F+( /-,A*6( :)( ,A+*&%)6( +-$+( +-)(
,:/)"5)6(9-)%,.)%,%(&/(BA&+)('-$"$'+)"&/+&'($%6(5)"8(6&77)")%+(7",.(

D-$+( +89&'$**8( 7,A%6( D-)%( /+$%6$"6( )*)'+",*8+)/( $")( +$E)%( &%(
',%/&6)"$+&,%@(F%(R&#@(S$C(D)(6).,%/+"$+)C(7,"()H$.9*)C(+-$+(D-)%(+-)(
'-$%%)*( &/( &..)"/)6( &%(O-,/9-$+)(IA77)"(M$*&%)( 0OIM4C($(',..,%(
')**('A*+A")(.)6&A.(D-&'-(&/(D&6)*8().9*,8)6($*/,($/()*)'+",*8+)(7,"(
!123(+)/+/C(%,(F"#($99")'&$:*)(5$"&$+&,%('$%(:)(6)+)'+)6(;eC(<T?@((
L7+)"( +-)( &%&+&$*( +"$%/&)%+( 9-)%,.)%,%C( -,D)5)"C( +-)( '-$%%)*(
)*)'+"&'$*(9",9)"+&)/(D)")(7,A%6(+,(/+$:&*&G)($%6(+-)(!123(")/9,%/)(
',A*6(:)(")9",6A'&:*8($//)//)6($*/,(&%(/).&%$*(7*A&6/(:8(+-)(A/)(,7(
#,*6()*)'+",6)/($'+&%#($/(#$+)(',%+$'+/( 0,5)"$**( &..)"/)6($")$(,7(\(
..!4@( R&#@( S:( 6&/9*$8/( $( +89&'$*( +"$%/7)"='A"5)( $'-&)5)6( D-&*)(
$99*8&%#(^"#h=T@d(^($%6(/D))9&%#(^$#(7",.(=T@J(^($%6(T@J(^@(L/(
/-,D%C( +-)( .$#%&+A6)( 0&%( $:/,*A+)( 5$*A)4( ,7( +-)( F"#( 'A"")%+( &/(
6)'")$/)6(D-)%(^$#( $//A.)/(9,/&+&5)(5$*A)/@(L/(D)**( E%,D%C( +-&/(
")5)"/&:*)()77)'+(&/(")*$+)6(+,(+-)(9)%)+"$+&,%(,7('$+&,%&'(/9)'&)/(&%(+-)(
9,",A/(O1W!3aOMM('-$%%)*(D-&'-C(',.9)%/$+&%#(+-)(OMM)('-$"#)/C(
")6A')/( +-)( 6)%/&+8( ,7( -,*)/(.,5&%#( $*,%#( +-)(O1W!3('-$&%/( ;<?@(
3-&/(:)-$5&,A"('$%(:)(',-)")%+*8(,:/)"5)6(D-)%(,A+9A+('A"5)/(0D&+-(
^"#(/D)9+(7",.(T(+,(=T@J^4($")(',%/&6)")6(+,,(0/))(+-)(&%/)+(,7(R&#@(
S:4@!!
L/( /A..$"&G)6( &%( R&#@( dC( A%6)"( +-)( ,9)"$+&,%( ,7( +-)( #,*6( #$+)(
)*)'+",6)/C( $*/,( +-)( !123( ")/9,%/)( 6&/9*$8/( 6&/+&%'+&5)( 7)$+A")/(
D-&'-( 6)9)%6( ,%( +-)( &%5)/+&#$+)6( /).&%$*( 7*A&6( $%6( /)).( +,( D)**(
',"")*$+)(D&+-(+-,/)(,:/)"5)6(7,"(+-)(9")5&,A/*8(6&/'A//)6(F"#(&%&+&$*(
6)'$8@((

(
>.86%")UY)$^)?())(*%'$0.T"4)&%$(3+"%I/6%;"3)](*%'$0.T$&.*().3)%"+"%%"4)&*)
&-")?());$06")'"$36%"4)$&)A*)`ID@a)A^"%"/*%4"4"+*%)$00)&-").(;"3&.8$&"4)
3"'.($0) +06.4) 3$'#0"3b) S^) B-") /*%%"3#*(4.(8) &%$(3I/*(46/&$(/") ]8+^)
#0*&&"4)$3)$)+6(/&.*()*+)A*)@)c"%"1)3"'.($0)+06.4)3$'#0"3)\"%")/0$33.+."4)
.() &\*)4.++"%"(&)/$&"8*%."3) &*)S"&&"%)*6&0.(") &-")#%"3"(/")*+)3.(80")*%)
4*6S0")#"$d38)
)

!"

#"

!"

#"
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F%(9$"+&'A*$"C(+-)(/).&%$*(7*A&6/(0/$.9*)/(dC(UC(e4(9",5&6&%#(+-)(/*,D)/+(
F"#( &%&+&$*( 6)'$8/( $")( $*/,( '-$"$'+)"&G)6( :8( $( .&%,"( '$9$:&*&+8( +,(
.,6A*$+)( +-)( F"#( 'A"")%+( &%( +-)( *,D(^$#( ")#&,%@(3-&/(,''A"")%')( &/(
'*)$"*8( /-,D%( &%( R&#@( d$( D-)")( +-)( $5)"$#)( +"$%/7)"='A"5)/( $")(
")9,"+)6( $/( %,".$*&G)6( D&+-( ")/9)'+( +,( +-)( .$H&.A.( 0&%( $:/,*A+)(
5$*A)4(F"#('A"")%+($'BA&")6($+(^$#h=T@J(^@(!
3-)(6&5)"/)(:)-$5&,A"(,7(/$.9*)/(dC(U($%6(e(&/(")7*)'+)6($*/,(&%(+-)(
")*$+)6(+"$%/=',%6A'+$%')(0#*C(6)7&%)6($/(+-)(6)"&5$+&5)(,7(F"#(5)"/A/(
^$#4( 9*,+/( D-&'-( 6&/9*$8( +-)( 9")/)%')( ,7( ,%*8( ,%)( 9)$E( $+( *$"#)"(
9,/&+&5)( ^$#C( 6&77)")%+( 7",.( +-)( ").$&%&%#( /$.9*)/( D-)")( +-)")( &/(
)5&6)%')(,7($(/)',%6(9)$E().)"#&%#($+(/*&#-+*8(%)#$+&5)(̂ $#(0R&#@(d:4@(
F%+)")/+&%#*8C(+-)/)(+D,(.$&%('$+)#,"&)/(,7(")/9,%/)($")(%,+(")*$+)6(+,(
+-)(7$'+( +-$+( +-)(&%5)/+&#$+)6(/).&%$*(7*A&6/(D)")(7")/-(0.)$/A")6($(
7)D(-,A"/($7+)"(+-)&"(',**)'+&,%4(,"(+-$D)6($7+)"($(9",*,%#)6(/+,"$#)(
$+( '"8,#)%&'( +).9)"$+A")/@( F%(9"&%'&9*)C( +-&/(,:/)"5$+&,%( /A##)/+/( $(
.&%,"( &.9$'+( ,%( +-)( !123( ")/9,%/)( ,7( +-)( 9")/)%')( ,7( *&5&%#(
/9)".$+,G,$(D-&'-(&%6))6(")9")/)%+($(7)D(9)"(')%+(,7(+-)(+,+$*(7*A&6(
5,*A.)@((
3-)($:,5)(6&/'A//)6()*)'+"&'$*(7)$+A")/(/-,A*6(:)("$+-)"()H9*$&%)6(&%(
+)"./(,7($(6&77)")%+(.$//(6&/+"&:A+&,%(,7(+-)('$+&,%&'(/9)'&)/(9")/)%+(
&%(+-)(5$"&,A/(/).&%$*(7*A&6(/$.9*)/(-)")(',%/&6)")6@(M).)%C(&%6))6C(
&/('-$"$'+)"&G)6(:8($(5)"8(',.9*)H('-).&'$*(',.9,/&+&,%(&%'*A6&%#($(
D&6)( 5$"&)+8( ,7( ',.9,%)%+/( /A'-( $/( 9",+)&%/C( /A#$"C( *&9&6/( $%6(
6&77)")%+( +89)/( ,7( '$+&,%/( 0Q$C( fC( 2$C( N#C( Z%4( $%6( $%&,%/( 02*C(
2&+"$+)4;KC(<<?@(L.,%#(+-)/)(*$++)"C(&+(&/(D)**(E%,D%(+-$+(Q$+($%6(f+(
$")( +-,/)( 9")/)%+( D&+-( :8( 7$"( +-)( *$"#)/+( ',%')%+"$+&,%/( :)&%#C( &%(
$5)"$#)C('*,/)(+,(dTT($%6(<TT(.#V.]C(")/9)'+&5)*8;K?@((
F%(+-&/(/')%$"&,C(+-)(&%&+&$*(F"#(6)'$8(',A*6(:)($//,'&$+)6(+,(+-)(7"))(
6&77A/&,%(,7(+-)('$+&,%/(/9)'&)/(+-",A#-(+-)(/).)%(/$.9*)C(D-&'-(-$/(
:))%(6).,%/+"$+)6( +,(-$5)( $(5&/',)*$/+&'( '-$"$'+)"( ;<SC( <d?C( &%( +-)(
O1W!3aOMM('-$%%)*@(X)%')C(+-)(/$.9*)/(9",5&6&%#($(7$/+)"(F"#(6)'$8(
',A*6( :)( '-$"$'+)"&G)6( :8( $( #")$+)"( ',%')%+"$+&,%( ,7( *&#-+)"( '$+&,%(
/9)'&)/( 0)@#@( Q$+4( D-&'-( ',A*6( 9)%)+"$+)( .,")( )$/&*8( &%( +-)( $'+&5)(
'-$%%)*($%6(,77)"($(.&%,"(,:/+$'*)(+,(+-)(7A"+-)"('$+&,%(9)%)+"$+&,%(
6"&5)%( :8( +-)( 7,**,D&%#( ^$#( $99*&'$+&,%( 6A"&%#( +-)( +"$%/7)"='A"5)(
.)$/A").)%+@( 3-&/( /-,A*6( ")7*)'+( +-)( ,:/)"5)6( )%-$%')6( F"#(
.,6A*$+&,%(0$%6(+-)(,5)"$**(9")/)%')(,7(+-)(#*(6,A:*)(9)$E4()5)%(7,"(
*,D( ^$#( 5$*A)/@( 2,%5)"/)*8C( +-)( 9")/)%')( &%( +-)( /).&%$*( 7*A&6( ,7(
-)$5&)"('$+&,%&'(/9)'&)/(/-,A*6(:"&%#(+,($(/*,D)"(F"#(&%&+&$*(6)'$8($%6(
")BA&")C( $+( +-)( /$.)( +&.)C( +-)( $99*&'$+&,%( ,7( *$"#)"( 9,/&+&5)( ^$#(
5,*+$#)/( +,( 7$5,A"( +-)( F"#( .,6A*$+&,%( '$9$:&*&+8( 0%$.)*8C( /$.9*)/(
/-,D&%#(,%*8(,%)(/&%#*)(#*(9)$E($'-&)5)6(A%6)"(9,/&+&5)(^$#4@(

"1#! *'$*.)/"'$!

F%(+-&/(/+A68C(D)().9*,8)6(,"#$%&'()*)'+",'-).&'$*(+"$%/&/+,"/(7,"(+-)(
7&"/+( +&.)( +,( $%$*8G)( -A.$%( /).&%$*( 7*A&6@( F%&+&$*( ,:/)"5$+&,%/(
")5)$*)6( $( +"$%/&)%+( 6)'$8( &%( +-)( )*)'+"&'$*( ")/9,%/)( ,7( +-)( !123(
6)5&')/(D-)%()H9,/)6(+,(/).&%$*(7*A&6@(3-&/(6)'$8(D$/(7,A%6(+,(:)(
',"")*$+)6(D&+-(+-)(:)-$5&,"(,7(+-)(6)5&')/j(+"$%/7)"('A"5)/($%6(+-)&"(
+"$%/=',%6A'+$%')@( M9)'&7&'$**8C( D)( ,:/)"5)6( +-$+( +-)( &%&+&$*( 6)'$8(
&%7*A)%')6( +-)( '-$"$'+)"&/+&'/( ,7( +-)( +"$%/7)"( 'A"5)/C( /A##)/+&%#( $(
9,//&:*)(")*$+&,%/-&9(:)+D))%(+-)(!123()*)'+"&'$*(")/9,%/)($%6(+-)(
.$//(6&/+"&:A+&,%(,7(+-)('$+&,%&'(/9)'&)/(&%(+-)(/).&%$*(7*A&6(/$.9*)/@(
RA"+-)".,")C( &+( &/( %,+)D,"+-8( +-$+( /9)".( ')**/( /-,D)6( %,( /&#%/( ,7(
6$.$#)(,"(/+"A'+A"$*($*+)"$+&,%/($7+)"()*)'+"&'$*(.)$/A").)%+/(D&+-(+-)(

!123/@( F%( ',%'*A/&,%C( ,A"( 7&%6&%#/( ',%7&".( +-$+( ,"#$%&'(
)*)'+",'-).&'$*( +"$%/&/+,"/( '$%( :)( /$7)*8( $%6( %,%=&%5$/&5)*8(
).9*,8)6(+,($%$*8G)(/).&%$*(7*A&6C(D&+-,A+(',.9",.&/&%#(+-)(5&+$*&+8(
,7(/9)".(')**/(D-&'-('$%(:)(7A"+-)"(',%/&6)")6(7,"(")*$+)6(:&,/)%/&%#(
$99*&'$+&,%/@(

,*2$'3.-(4+-$%!

!"#$%&'()*(#+,-#."#/+%%+#0%+1&23445#+67,)84&-0&#23,-(,0#2%)9#1:&#$;<=#>?>>#@%)A&61B#
CD# 4+EF), F+F6:(@# (,1&0%+1&-# 8(1:# &4&61%)6:&9(6+4# 1%+,*(*1)%*# 2)%# 6+%-(+6# E()9+%7&%*#
&G+43+1(),#(,#:39+,#E4))-H#IJ(2&/4))-K"#$%)1"#>?>>LMNJOJ"!

&-5-&-$*-/!

;<?( k@(l&5%$8C(M@(F%$*C(L@(M$**),C(l@(N@(!D)%/C(N@(I)"##")%C($%6(c@(
c@(N$**&$"$/C(m!"#$%&'()*)'+",'-).&'$*(+"$%/&/+,"/Cn(;"#<%$)
=$:&$>()!"#$%&"'(?(5,*@(dC(99@(<KT\JC(T<V<JV,%*&%)C(ST<\@(

;S?( k@( l&5%$8C( l@( N@( !D)%/C( $%6( c@( c@( N$**&$"$/C( m3-)( "&/)( ,7(
,"#$%&'(:&,)*)'+",%&'/Cn(38$.&(#%-)+5)!"#$%&"'(?(5,*@(SJC(%,@(
<C(99@(JKe=J\>C(ST<d@(

;d?( l@(N@(!D)%/C($%6(c@(c@(N$**&$"$/C(m!"#$%&'()*)'+",%&'/($+(+-)(
&%+)"7$')(D&+-(:&,*,#8Cn(!=@)6<''$#&0?(5,*@(d>C(%,@(TJC(99@(
UUe=U>JC(ST<T@(

;U?( L@( N$"E/C( M@( c"&##/C( Q@( c$/9$"&%&C( $%6( N@( N,/)"C( m!"#$%&'(
1*)'+",'-).&'$*(3"$%/&/+,"/a(L%(1.)"#&%#(3)'-%,*,#8(7,"(
I&,/)%/&%#Cn(A7:"0*$7)!"#$%&"'()B0#$%5"*$(C(99@(S<TSTde@(

;>?( F@(cA$*$%6&C(N@(N$"G,''-&C(L@(L'-&**&C(W@(2$5)6$*)C(L@(I,%7&#*&,C(
$%6(I@(R"$:,%&C(m3)H+&*)(,"#$%&'()*)'+",'-).&'$*(+"$%/&/+,"/(
$/($(9*$+7,".(7,"(D)$"$:*)(:&,/)%/,"/Cn(@*&$0#&5&*)%$,+%#(?(
5,*@(JC(%,@(<C(99@(<=<TC(ST<J@(

;J?( M@(1@(])D&/C( mF/( /9)".( )5$*A$+&,%( A/)7A*( &%( 9")6&'+&%#( -A.$%(
7)"+&*&+8oCn(=$,%+7<*#&+0?(5,*@(<dUC(%,@(<C(99@(d<=UTC(STTK@(

;K?( W@( X@( !D)%C( $%6( W@( R@( f$+GC( mL( ")5&)D( ,7( +-)( 9-8/&'$*( $%6(
'-).&'$*(9",9)"+&)/(,7(-A.$%(/).)%($%6(+-)(7,".A*$+&,%(,7(
$(/).)%(/&.A*$%+Cn(C+<%0"')+5)"07%+'+/-?(5,*@(SJC(%,@(UC(99@(
U>e=UJeC(STT>@(

;\?( ^@( O")G&,/&C( N@( I$""$C( c@( 3,.$&A,*,C( O@( WpL%#)*,C( M@( ]@(
N$"$//,C( L@( ^)"%$C( N@( 2,'AGG$C( L@( 2$//&%)/)C( $%6( M@(
cA&6,C( m!"#$%&'( )*)'+",'-).&'$*( +"$%/&/+,"/( $/( %,5)*(
:&,/)%/&%#( 9*$+7,"./( +,( /+A68( +-)( )*)'+"&'$*( ")/9,%/)( ,7(
D-,*)(:*,,6($%6(9*$/.$Cn(C+<%0"')+5)!"#$%&"'()38$.&(#%-)
D?(5,*@(<TC(%,@(<C(99@(\K=e>C(STSS@(

;e?( ^@(O")G&,/&C(N@(I$""$C(^@(l@(^&**)**$C(M@(1/9,/&+,C(O@(WpL%#)*,C(
M@(]@(N$"$//,C(N@(2,'AGG$C(L@(2$//&%)/)C( $%6(M@(cA&6,C(
mF..A%,=M)%/&%#( $+( P*+"$=],D( 2,%')%+"$+&,%( ,7( 3cS(
O",+)&%( :8( !"#$%&'( 1*)'+",'-).&'$*( 3"$%/&/+,"/Cn(
D&+($0(+%(?(5,*@(<dC(%,@(UC(99@(UU\C(STSd@(

;<T?(N@(I$""$C(c@(3,.$&A,*,C(^@(l@(^&**)**$C(M@(1/9,/&+,C(L@(]&:,qC(O@(
WpL%#)*,C(M@(]@(N$"$//,C(N@(2,'AGG$C(^@(I)"+$%$C($%6(1@(
2$.&**&C( m!"#$%&'( 1*)'+",'-).&'$*( 3"$%/&/+,"( F..A%,=
M)%/,"/(7,"(M9&E)(O",+)&%(1$"*8(W)+)'+&,%Cn(D&+($0(+%(?(5,*@(
<dC(%,@(KC(99@(KdeC(STSd@(

;<<?(k@( f$5$%$#-C( mM,6&A.C( 9,+$//&A.C( '$*'&A.C( .$#%)/&A.C( G&%'C(
'&+"$+)($%6('-*,"&6)(',%+)%+(,7(-A.$%(9",/+$+&'($%6(/).&%$*(
7*A&6Cn(=$,%+7<*#&+0?(5,*@(K>C(%,@(<C(99@(d>=U<C(<e\>@(

;<S?(c@(3,.$&A,*,C( R@( R)**&',C(^@(O")G&,/&C( R@(2$"&$+&C( F@( M+"&%$C(2@(
^,+&%,C( R@( ZA**,C( M@( ],%#,:$"6&C( $%6( M@( cA&6,C( mO,/+=
*&BA)7$'+&,%( %,".,/9)".&'( -A.$%( /).)%( :)-$5)/( $/( $(
D)$E=#)*(5&/',)*$/+&'(7*A&6Cn(@+5#)!"##$%?(5,*@(<eC(%,@(SKC(99@(
>Tde=>TUdC(STSd@(

;<d?(c@( 3,.$&A,*,C( R@( R)**&',C( ^@( O")G&,/&C( $%6( M@( cA&6,C( mM).)%(
"-),*,#8( $%6( &+/( ")*$+&,%( +,( .$*)( &%7)"+&*&+8Cn( B0#$%5"*$)
E+*<(?(5,*@(<SC(%,@(JC(99@(STSSTTU\C(STSS@(

#

This article has been accepted for publication in IEEE Sensors Letters. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/LSENS.2024.3414585

© 2024 IEEE. Personal use is permitted, but republication/redistribution requires IEEE permission.
See https://www.ieee.org/publications/rights/index.html for more information.
Authorized licensed use limited to: Universita degli Studi di Napoli Federico II. Downloaded on July 13,2024 at 10:53:44 UTC from IEEE Xplore.  Restrictions apply. 


